0.005) and Impaired Social Life (p = 0.047). In the multivariate model, the TPOAb level was related to Goitre Symptoms (r = 0.17, p = 0.019), Depressivity (r = 0.24, p = 0.001), and Anxiety (r = 0.23, p = 0.002), but no longer to Emotional Susceptibility or Impaired Social Life, indicating that the effect on these were mediated through an effect on the symptom scales (i.e. Goitre Symptoms, Depressivity and Anxiety). Conclusion: Health-related QoL, evaluated with state-of-the-art QoL methodology, was related to TPOAb level but not to thyroid function. This raises the hypothesis that autoimmunity, independent of thyroid function, impacts on QoL in patients with autoimmune hypothyroidism, especially in terms of psychological symptoms. Longitudinal studies, in initially untreated patients, are needed to test this hypothesis.
Introduction
Autoimmune hypothyroidism is characterized by lymphocytic infiltration of the thyroid gland and most commonly various degrees of hypofunctioning of the gland, in the presence of thyroid autoantibodies against thyroid peroxidase (TPOAb) and/or thyroglobulin (TGAb). The condition is associated with a wide range of unspecific symptoms.
In recent years, a change of paradigm has occurred in the treatment of many chronic diseases. Restoring physiological imbalances is no longer seen as an aim in itself, but rather as a means towards prolonging life, relieving symptoms and improving function. Thus, evaluation of such outcomes is central in chronic-disease treatment evaluation [1] . While the paradigm shift has come late to thyroid diseases, this area represents obvious beneficial applications. Thyroid diseases such as autoimmune hypothyroidism are common, chronic, and affect the patients' function and quality of life (QoL) [2, 3] . Despite this high prevalence, few systematic studies have evaluated the impact of autoimmune hypothyroidism on QoL and until recently, no validated measure of QoL for thyroid patients was available [4] .
QoL is a complex and multidimensional construct. Studies of QoL in patient populations should acknowledge this, by incorporating analyses of QoL into a theoretical and statistical model reflecting this complexity [5] .
In order for such a model to reflect the disease in focus, the theoretical model should incorporate clinical variables and the hypothesized relationship between these and the QoL framework [5, 6] . The advent of a comprehensive, thoroughly validated thyroid-specific patientreported outcome measuring health-related QoL for patients with thyroid diseases, i.e. ThyPRO [7] [8] [9] [10] , calls for studies evaluating these relationships between clinical variables and QoL.
The purpose of the present study was therefore to evaluate the relationship between clinical measures of disease activity and health-related QoL in patients with autoimmune hypothyroidism using the thyroid-specific QoL questionnaire ThyPRO and subjecting data to multivariate analysis within a theoretical QoL framework.
Methods

Patients and Procedures
During February to November 2007, 199 patients with autoimmune hypothyroidism (defined as any degree of serum thyroid-stimulating hormone (TSH) above the reference range at two consecutive measurements, with or without associated thyroid hormone levels below the reference range, and TPOAb level 1 60 IU/l), attending the endocrinological outpatient clinics at Copenhagen University Hospital Rigshospitalet and Odense University Hospital were recruited ( table 1 ) . None of the patients had eye involvement. Recruitment has previously been described in detail [9] and the overall response rate was 69%. Questionnaires were completed and blood samples were drawn a few days prior to the scheduled visit to the clinic. A physical examination, including thyroid ultrasound, was performed and written, signed informed consent obtained.
Sociodemographic data and information about comorbidity and nonthyroid medication were self-reported. Data regarding clinical biochemical measurements and thyroid imaging, exact diagnosis, previous and current treatment and time of diagnosis were obtained by chart review. Biochemical thyroid tests, using in-house routine assays, were TSH, total thyroxine (T 4 ), total triiodothyronine (T 3 ), non-protein-bound thyroxine (fT 4 ), non-protein-bound triiodothyronine (fT 3 ) and TPOAb. Thyroid volume was determined by ultrasound using the ellipsoid method [11] . The project was approved by the local ethical committee (KF01 2006-1579) and the Danish data protection agency and registered at ClinicalTrials.gov (NCT00150033).
Patient-Reported Outcome, ThyPRO
The ThyPRO is an 84-item thyroid-specific patient-reported outcome measuring QoL with 13 scales covering physical and mental symptoms, functioning and well-being as well as impaired participation in important life activities. The content was derived by literature review and in-depth interviews with experts and patients [7] ; the instrument has been validated for thyroid patients [8] [9] [10] . Each item is rated by the patient on a five-point Likert scale, and the 13 scales are derived by averaging and linearly transforming these item scores into their respective 0-100 scale score. Figure 1 is a representation of these scales, organized in a conceptual model linking health-related QoL and clinical variables [6, 12] for patients with any benign thyroid disease (see below). D ata presented as numbers and percentages and medians and ranges. TSHRAb = TSH receptor antibody levels. 1 Negative duration due to a patient completing the questionnaire before a final diagnosis was reached. 2 Serum TSH above reference range and peripheral thyroid hormones within reference range (also termed subclinical hypothyroidism).
3 Data for determination of mild or overt hypothyroidism at time of diagnosis (i.e. up to several years prior to questionnaire completion) were unavailable for 8 patients.
Theoretical QoL Model
The theoretical QoL model, incorporating the hypothesized relationships, is presented in figure 1 : thyroid volume is related to goitre symptoms; low serum TSH, high serum fT 4 , and high serum fT 3 cause hyperthyroid symptoms; high serum TSH, low serum fT 4 and low serum fT 3 cause hypothyroid symptoms; Clinical Activity Score (CAS) [13] and NOSPECS, an orbitopathy grading system [14] , are associated with eye symptoms (not relevant in this sample), and TPOAb and TSHRAb could be associated with all the symptom scales. Further, physical and psychological symptoms are associated with reduced function and well-being and these reductions again affect social life, daily life, sex life and body image.
The segregation of the thyroid function into higher versus lower function is due to the fact that a linear, or just incremental, relationship between thyroid function and QoL cannot be expected. This relationship must be U-shaped with e.g. decreasing serum TSH below the reference range leading to decreasing QoL due to hyperthyroidism whereas increasing TSH above the reference range also leads to decreasing , and not increasing, QoL. Therefore, when analyzing thyroid hyperfunction within the model, serum TSH values above the general population median, and serum T 4 and serum T 3 values below the median were set to missing. Similarly, when analyzing hypofunction, serum TSH values below the median in the general population and serum T 4 and serum T 3 above the median were set to missing.
Statistical Analyses
Initially, pairwise relationships between all variables in the theoretical model were analyzed univariately, controlling for age, gender and educational level, using SAS 9.1.3 PROC GLM [15] .
Subsequently, statistically significant associations (p ! 0.05) were joined in one overall path model, using Mplus [16] with maximum likelihood estimation. Model results were checked for colinearity between hormone measurements and nonnormal distribution of clinical variables, particularly serum TSH, which was also entered as squared and cubed values.
To test the stability of the results, several post hoc analyses were performed. In the univariate pairwise analyses of the relationship between QoL scales and thyroid function, the latter was also operationalized as (a) current thyroid function, i.e. euthyroidism (n = 92, 46%), mild hypothyroidism (n = 77, 39%), overt hypothyroidism (n = 3, 2%), mild hyperthyroidism (i.e. overtreated) (n = 14, 7%) and overt hyperthyroidism (n = 8, 4%); (b) current euthyroidism (euthyroidism vs. any dysfunction) and (c) degree of dysfunction at the time of diagnosis (mild vs. overt hypothyroidism). The multivariate analysis concerning relationships with thyroid autoimmunity was repeated, controlling for (a) age, (b) duration of disease, (c) whether or not on L -thyroxine replacement therapy, (d) dosage and duration of L -thyroxine therapy and (e) current thyroid function (euthyroidism, mild/overt hypothyroidism and hyperthyroidism) by adding these variables as covariates to the regression equations. 
Results
Univariate Associations
In the univariate, controlled comparisons, clinical variables measuring goitre (i.e. thyroid volume), thyroid dysfunction (i.e. TSH, T 4 and T 3 ) and eye involvement (i.e. CAS and NOSPECS) were not related to QoL scores. TPOAb levels were statistically significantly associated with several QoL dimensions: Goitre Symptoms (p = 0.024), Depressivity (p = 0.004), Anxiety (p = 0.004), Emotional Susceptibility (p = 0.005) and Impaired Social Life (p = 0.047).
In the controlling post hoc analyses, none of the alternative operationalizations of thyroid function was associated with QoL scores.
Multivariate Path Model
In the path analysis multivariate model, TPOAb was related to the symptom scales: Goitre (p = 0.019), Depressivity (p = 0.001) and Anxiety (p = 0.002) but no longer to Emotional Susceptibility or Impaired Social Life ( fig. 2 ) . Post hoc analyses controlled for age, duration of disease, whether the patient was being treated with L -thyroxine and the dosage and duration of this treatment, current thyroid function status as well as transforming relevant clinical variables (see above) did not significantly change the results (data not shown).
Discussion
The purpose of the present study was to evaluate the relationship between clinical measures of disease activity and health-related QoL in patients with autoimmune hypothyroidism.
In univariate comparisons between the relevant clinical variables and the ThyPRO QoL scales, no relationship between measures of thyroid dysfunction was found. In contrast, TPOAb levels were related to several ThyPRO scales, both symptoms scales and scales measuring wellbeing and function as well as participation. The findings were repeated when the data were subjected to multivariate analysis within a theoretical QoL framework, with the exception that now TPOAb levels were only related to the symptom scales. The relationship between TPOAb and the function and well-being scale, Emotional Susceptibility, and the participation scale, Impaired Social Life, thus seem to be through an association with Depressivity. It is surprising that we did not find any relationship between thyroid function and QoL. This finding was consistent, regardless of the way thyroid (dys-)function was operationalized, as exemplified in our post hoc analyses. We therefore also conducted post hoc repetitions of the multivariate analyses, where various operationalizations of thyroid (dys-)function were entered as covariates to all paths involving TPOAb. We also controlled the analyses for age and various other clinically relevant variables. Still, only TPOAb and not thyroid function was related to QoL. However, this is probably due to the fact that the vast majority of patients were only marginally dysthyroid at the time of participation, as a consequence of the sampling procedure spanning all disease stages, including well-treated (and even over-treated) patients. Almost half of the patients were euthyroid at the time of the study and only 2% were overtly hypothyroid. This may have been different if more patients with current overt hypothyroidism had been included. Indeed, Canaris et al. [17] and others [18, 19] have demonstrated a relationship between hypothyroid symptoms and thyroid function, when investigating patients with overt hypothyroidism and euthyroid controls. Another recent study among 597 patients receiving L -thyroxine (73% of whom had autoimmune hypothyroidism) found an association between psychological well-being and fT4 and serum TSH, but not fT3 or TPOAb positivity [20] . However, TPOAb were analyzed as a dichotomized, and not as a continuous variable as in our study, which could explain this difference. In accordance with our findings, Ott et al. [21] demonstrated a correlation between the level of TPOAb, but not thyroid function tests, and scores on an unvalidated symptom questionnaire, in a study of patients undergoing thyroidectomy for benign goitre. Another field of research has focused on the role of thyroid autoimmunity in musculoskeletal complaints, particularly fibromyalgia [22, 23] . For example, Bazzichi et al. [22] found comorbidity with and higher levels of symptoms of fibromyalgia in patients with Hashimoto's thyroiditis and subclinical hypothyroidism, in contrast to patients with nonautoimmune subclinical hypothyroidism. Additionally, in a population-based study, a higher prevalence of TPOAb positivity was found in respondents with musculoskeletal complaints, compared to those without [24] . An interesting study supposed a possible mechanism of action: Marquez et al. [25] found microvascular alterations similar to those observed in other autoimmune diseases in skeletal muscle from patients with autoimmune thyroiditis, independent of thyroid function. These capillary alterations included changes in basement membranes and endothelial thickening, but also signs of capillary degeneration. It may be hypothesized that such microvascular alterations could also be present in other biological structures, including the central nervous system, and thus explain the associations between autoimmunity and neck-related symptoms as well as mental health observed in the present study.
Several studies have indicated a link between the thyroid gland and mental diseases [26] . As for autoimmune thyroid diseases, Pop et al. [27] found a three times higher risk of current depression (according to the Edinburg Depression Scale) in individuals with positive TPOAb in a large population-based study and the presence of TPOAb during pregnancy has been identified as a risk factor for postpartum depression [28] .
A direct relation between thyroid autoimmunity and affected QoL has also been hypothesized to be at play in the rare and controversial diagnosis of Hashimoto's encephalopathy, where a variety of neurological symptoms have been linked to the presence of TPOAb [29] .
As its main strength, our study is the first to apply a thoroughly validated, thyroid-specific QoL instrument. Investigation of the associations between clinical and QoL variables in an explicit theoretical framework, in clinically well-characterized individuals, adds further validity and novelty to our findings.
The main limitation of our study is its cross-sectional design, the relatively limited range in thyroid dysfunction, and the few severely hypothyroid individuals. Future hypothesis-testing studies should adopt a longitudinal design, compare changes in all available thyroid autoantibodies, or even better various epitopes of these antibodies [30] [31] [32] [33] [34] , and in thyroid function, with changes in QoL. Also, the relationship between such indicators of thyroid autoimmunity and QoL could be evaluated in a sample of patients with autoimmune thyroiditis and normal thyroid function. Applying diagnostic imaging, such as e.g. MR spectroscopy [35] , may offer further insight into the possible CNS effect and thereby the link with affected QoL measures.
Future interventional research may target the autoimmune component of the disease more directly. For example, by investigating the effect on QoL of selenium supplementation [36] , which appears to lower TPOAb levels, glucocorticoid therapy or novel biological therapies, such as rituximab [37] . Future studies focusing on QoL methodology could further develop and investigate the theoretical framework and its relationship with clinical variables. Accepting that patients with chronic autoimmune thyroiditis, with or without thyroid dysfunc-tion, have increased morbidity and decreased QoL, but seemingly no increase in mortality [38] , remains a conundrum and needs further study.
In conclusion, TPOAb level, but not thyroid function, was related to thyroid-specific QoL. This raises the hypothesis that thyroid autoimmunity may play a role, independent of thyroid dysfunction, in the QoL impairment associated with autoimmune hypothyroidism. Future studies should focus on individuals with a broader range of TPOAb as well as thyroid dysfunction in longitudinal and interventional studies, employing a validated questionnaire such as the ThyPRO for QoL determination.
